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Abstract 
A total of 30 bacterial isolates associated with milkfish gut were collected from traditional ponds at Northern Coast of Central 
Java, Indonesia. The study was conducted to isolate and identify the milkfish gut bacteria, and evaluate their potential for 
probiotics. Based on rapid grouping by using rep-PCR resulted in six  groups.  The six group represented by isolates of BS 11, 
BPI 01, BPL 10, BPi 03; BPi 08 and BPL 06 were then further selected  for subsequent DNA sequencings. According to DNA 
sequencing it was demonstrated that the diversity of bacteria associated with milfish gut collected  from Northern Coast of 
Central Java, revealed closely similar to Shewanella upenei, Basillus sp,  Vibrio fluvialis, Shewanella algae, Shewanella sp. and 
Photobacterium ganghwense.  Further sensitivity test among six baterial isolates demonstrated that Shewanella upenei and 
Shewanella algae were able to prevent the growth of Vibrio fluvialis and Photobacterium ganghwense. The six selected isolates 
were also successfully demonstrated antibacterial activity against pathogenic bacteria Vibrio alginoliticus and Vibrio 
parahaemolitycus. From this study, it can be concluded that the six bacteria isolated from milkfish intestine were potentially 
developed for probiotics. 
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1. Introduction 
Aquaculture production in Central Java in 2012 reached 167,191.8 tonnes. Around 65.37% (10,303 tonnes) was 
produced from brackhiswater aquaculture. Milkfish contributing more than 58% (63,630 tonnes) of the total 
brackhiswater aquaculture production[1]. This indicated that milkfish was widely produced and become an 
important brackhiswater fish species that most traditionally culture by the fish farmers in Central Java. Moreover, 
milkfish in the last 15 years become an icon for northern part of Central Java, especially Semarang Regency.  
Milkfish has very large salinity tolerance, therefore, it can be cultured in various environments such as  
freshwater, brackhishwater, and seawater[2]. Milkfish has a tendency to disease resistance due to great non-specific 
immune system associated with gut microflora. Futthermore, grouper gut associated bacteria such as Lactococcus 
sp, Carnoacterium sp, Staphylococcus sp, sp basillus, Eubacterium sp, Pseudomonas sp, Lactobacillus sp, 
Micrococcus sp, and Bifidobacterium sp.  have an important role in immunity mechanism and could provide a 
positive influence on grouper[1]. Other researchers added that intestine bacteria  of milkfish (Chanos chanos)  such 
as Lactobacillus fermentum, Lactobacillus gasseri, Lactobacillus delbrueckii and Micrococcus lylae biochemically 
were potentially used as a probiotics[3]. Similar studied has been conducted in the digestive tract of rainbow trout 
(Salmo gairdneri) [4]. They identified bacterial species namely Acinetobacter calcoaceticus, Aeromonas hydrophila, 
Bacillus circulans, Bacillus megaterium, Flavobacterium sp., Kurthia sp., Microhacterium sp., Providencia stuartii, 
Pseudomonas spp., Psudomonas fluorescens and Pseudomonas alcaligenes that swoed antibacterial activities. 
The disease outbreaks nor mass mortality in the milkfish aquaculture was very rare and almost never been 
reported. This fenomena encouraged the researcher to isolate, molecularly identified, and further tested for their 
performance to control other gut bacterial growth and bacterial pathogens.  
The variety methods of molecular biology has progressed in the framework to identify bacteria such as 
restriction fragment length polymorphism (RFLP)[5], Denaturing Gradient Gel electrophoresis (DGGE) and 
sequenced repetitive-based polymerase chain reaction (rep-PCR)[3]. This method has been used for the identification 
of marine bacteria[6], and deep-sea bacteria[7]. While the rep-PCR has been used for fast grouping on various 
marine microorganisms[8,9,10], Rep PCR has been applied to group bacterial agents causing vibriosis in fish 
grouper[11]. Therefore, identification of gut bacterial associated with milkfish was also using 16S rDNA sequences.  
2. Material and Methods 
2.1. Milkfish Sample and Bacterial Isolation  
The 15 milkfish, (Chanos chanos Forsksal) with weight of 100-200 g and length of 15-30 cm, were collected from 
extensive brackishwater ponds of Tambak Lorok village, Semarang regency, Juwana village, Pati District and 
Comal village, Pemalang District. Exploratory research using purposive sampling was applied. Necropsy and gut 
bacteria isolation were carried at Fish Quarantine, Quality Control and Safety of Fishery Products Agency, 
Semarang.  
Isolation of gut bacterial of the milkfish samples were cultured using Zobell 2216E half-strength medium. 
Purification was done by spreading 1 ml of 10-1, 10-3 and 10-5 bacterial serial solution [4,12,13]. Then, colonies were 
picked and repurified by streak plating. Pure isolates was stored in NA media. 
2.2. Repetitive – PCR 
The procedure was commenced according to Radjasa[9]. In the rep–PCR, BOX AIR ( 5’- 
CTACggCAAggCgACgCTgACg-3’) was used[3]. The REP 1R-I and REP 2-I primers contain the nucluetide 
inosine (I) at ambigious positions in the REP consensus. PCR reaction contained of 1 μl DNA template (diluted 
100x) , 1 μl primer, 7.5 μl Megamix Royal and sterile water up to total volume of 15 μl. 
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Amplifications were performed with a thermal cycler model Gene Amp PCR system 9700 with the following 
temperature conditions: initial denaturation at 95ºC for 5 minutes ; 30 cycled of denaturation (92°C for 1 minutes), 
annealing (50ºC for 1,5 minutes), extension (68ºC for 8 minutes) and final extension at 68ºC for 10 minutes. Five 
microliter aliquot PCR products were run using electrophoresis on 1 % ethidiumbromade gel by using 1X TBE 
buffer. 
2.3. Grouping of Isolates   
Grouping was carried out according to a method of Radjasa[10] by making matrixes from the position of bands 
on the gel which were then analyzed by using Free Tree program using UPGMA method for constructing the tree. 
Resampling was performed by bootstrapping with 1000 replications. 
2.4. PCR Amplification and Sequencing of 16s rRNA Gene Fragments 
PCR amplification was carried out according to method of Rad[asa[7]. Two primers, GM3F 
(5’AGAGTTTGATCMTGGC-3’) and GM4R (5’-TACCTTGTTACGACTT-3’) were used to amplify nearly 
complete 16S rRNA gene [14]. Genomic DNA of gut bacteria associated with milkfish (Chanos chanos Forsksal) 
strains for PCR analysis were obtained from cell materials taken from agar plate, suspended in sterile water (Sigma, 
Germany) and subjected to five cycles of deep freeze (-80ºC) and thawed at 95ºC. PCR amplification of partial 16S 
rRNA gene of bacteria, purification  of PCR products and subsequent sequencing analysis were performed 
according to the method of Radjasa [9].  Sequencing was carried out to gain the alkaline composition that made up 
DNA sequences. The sequencing was performed using the Big Dye Terminator V3.1 dyes and automated DNA 
sequencer ABI3130 Genetic Analyzer XL Apllied Biosystemsat Macrogen Korea. The determined DNA sequences 
of strains were then compared for homology to the BLAST database [15]. 
2.5. Bacterial Sensitivity Test 
Selected bacterial isolates were tested for their potency against microorganisms in vitro. Inhibition of the growth 
of microorganisms by specific bacterial isolates was demonstrated by a clear zone in the bacterial colones area. 
Clear zone is an indication of the ability of bacterial isolates to prevent other bacterial growth. In addition, the 
diameter of clear area reflected the power and speed of the isolates to penetrate diffuse medium [16]. 
3. Results and Discussion 
3.1. Gut bacterial isolation 
Isolation of milkfish gut bacteria from Semarang Regency, Pati and Pemalang Districs, morphologically revealed 
into 30 isolates (Table1).  
  Table 1. Morphological Feature of Milkfish Gut Bacterial Colonies from Pati, Pemalang Districts, 
   and  Semarang Regency 
No Color Form Character Isolates 
1 Transparant Rounded Flat BPi 01 
2 White turbide Rounded Flat BPi 02 
3 Tranparant Rounded Flat BPi 03 
4 White turbide Rounded Convex BPi 04 
5 Transparant Rounded Flat BPi 05 
6 White turbide Rounded Convex BPi 06 
7 White turbide Rounded Flat BPi 07 
8 White turbide Rounded Flat BPi 08 
9 White turbide Rounded Flat BPi 09 
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10 White turbide Rounded Flat BPL01 
11 White turbide Rounded Convex BPL02 
12 White turbide Rounded Flat BPL03 
13 Transparant Rounded Convex BPL04 
14 White turbide Rounded Convex BPL05 
15 White turbide Rounded Convex BPL06 
16 White Rounded Convex BPL07 
17 White Rounded Convex BPL08 
18 Transparant Rounded Convex BPL09 
19 White Rounded Convex BPL10 
20 White Rounded Convex BS01 
21 White turbide Rounded Flat BS02 
22 White turbide Rounded Flat BS03 
23 White Rounded Convex BS04 
24 Transparant Rounded Flat BS05 
25 Transparant Rounded Convex BS06 
26 White Rounded Flat BS07 
27 Transparant Rounded Convex BS08 
28 White turbide Rounded Convex BS09 
29 Transparant Rounded Flat BS10 
30 White Rounded Flat BS11 
 
Table 1 shows that based on colour, colony form, and character of colonies there were found 9, 10, 11 isolates 
from Pati, Pemalang and Semarang districts respectvely.Two characters were flat and convex whilst the colour were 
trasparent, white and white cloudy. 
 
3.2. Repetitive-PCR Analysis  
Based on the repetitive-PCR results and constructed into dendogram it was found 6 groups of isolates (Fig.1). 
The six isolates namely BS 11, BPL 01, BPL 10, BPi 03, BPi 08, BPL 06 were selected as representative of six 




Figure 1. Results Tree view Dendogram Bacterial Grouping with rep PCR. 
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Rep-PCR rapid bacterial groupings results above were then followed by characterization. In this study, bacteria  
derived from the intestinal tract of milkfish revealed  into 6 groups and to be sequenced with 16S rDNA. Group I, II, 
III, IV, V, VI were represented by BS11,BPL01, BPL10, BPi03,  BPi08 and BPL06 respectively. This  rep-PCR 
method was widely used for its ability to differentiate bacterial isolates to the species level, sub-species and strain 
specific and quickly for classification of bacteria (rapid grouping) [7,9]. 
3.3. Sequensing DNA and Analysis  DNA Squence  
The DNA sequence of six isolates were confirmed with the world gen data base. Iit was found that they were 
closley related to 3 species namely Shewanella sp, Shewanella algae, and Photobacterium ganghwense and other 
three species were related to Shewanella upenei, Vibrio fluvialis and Basilus sp.(Table 2). 
 
Table 2. Molecular Characteristics of Isolates and Their  Homology to Gen Bank Reference 
 
No Isolates Strain Homology Access code 
1     BS 11 Shewanella upenei 89% gb|JQ670746.1| 
2 BPL 01 Basillus sp 79%   gb|GQ9800246.1| 
3 BPL 10 Vibrio fluvialis 88% gb|DQ296636.1| 
4 BPi 03 Shewanella sp 97% emb|X81622.1| 
5 BPi 08 Shewanella algae 98% gb|JQ670728.1| 
6 BPL 06 Photobacterium ganghwense 99%  gb|AY960847.1| 
 
Based on the results of the molecular characteristic and bacterial diversity. It were shown in Table 2 and 3, that  
BS11, BPL01, BPL10, BPI03,  BPI08 and BPL06 were homolog 89% to Shewanella upenei, 79%  to Basillus sp, 
88%  to Vibrio fluvialis, 97%  to Shewanella sp, 98% to Shewanella algae, and 99%  similar to Photobacterium 
ganghwense respectiively. According to Hagstrom [17] , the isolates had 16S rDNA sequence similarities of more 
than 97%  represented the same species. While the sequence similarities between 93% -97%  may represented the 
identitical of the bacteria at genus level but might different species. Therefore in the present study it was found that 
isolates BS 11 and BPL01 were identified as Shewanella upenei with homology of 79% and Basillus sp, with 
homology of  88%  respectively. These indicated that the last two isolates potentialy a new species that needs further 
investigation.  
 
Previous studies on the genetic biodiversity of intestinal tract bacteria from marine fish were reported by 
Chaiyapechara[18]  and Martin-Antonio [19]. Bacteria group γ-Protobacteriaie, Vibrio and Shewanella sp and 
Bacilluswas found in the digestive gut of reef fish, Sebates sp [18]. Martin-Antonio [19] also found Vibrio and 
Shewanellas pp in gastro intestinal of flatfish (Solea senegalensis). Navarrete [20] reported that Shewanella spp also 
found in digestive tract of the Atlantic salmon (Salmo salar L.).  Whereas, Photobacterium is one of the 12 groups 
of bacteria found in the digestive tract of salmon (Salmo salar L.) [21]. 
 
The genus Photobacterium as Photobacterium  phosphoreum and Photobacterium leignathiis a luminous 
bacteria and has an internal light organs origin from the gastro intestinal tract and associated livefish intestinal 
tract[22].  Gram-positive such as Bacillus circulans, Bacillus. megaterium, Bacillus coryneforms were also found in 
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  Tabel 3.Bacterial Diversity in The Intestine Tract of  Milkfish 
 
No. Realeted Species Homology Total Isolates % 
1 
Shewanellaupenei (BS11) 89% 10 25,64 
2 Basillussp (BPL 01) 79% 4 10.26 
3 Vibrio fluvialis (BPL 10) 88% 3 7.69 
4 Shewanella sp (BPi 03) 97% 4 10.26 
5 Shewanella algae (BPi 08) 98% 5 12.82 
6 Photobacteriumganghwense (BPL 06) 99% 3 7.69 
 
In order to determine the level of similarity of the 6 bacteria isolated from intestinal organs of milkfish,  
phylogenetic tree of thus bacteria were presented in the Figure 1. 
 
 
Figure 1. Phylogenetic Tree Bacterial Isolates from Milkfish Intestinal Organ 
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3.4 Bacterial Sensitivity Test 
 
The results of the anti bacterial activity among the intestinal bacterial isolates were presented in table 4. Table 4 
indicated that Shewanella upenei BS11was able to prevent bacterial growth of Vibrio fluvialis BPL 10 and 
Photobacterium ganghwense BPL 06 at both 107 and 109 cfu/ml whilst Shewanella algae BPi 08 was only able to 
prevent both bacterial above at concentration of 109 cfu/ml. 
 
Based on the sensitivity test revealed that bacteria associated to digestive organs of milkfish was found in this 
study supposedly have the ability to prevent diseases caused by pathogenic bacteria ie. Vibrio alginolyticus and V. 
parahamolyticus. The microflora in the digestive tract has an important metabolic and specific role, and protective 
function of the antagonistic activity of bacterial pathogens and immune modulators [23,24]. One of the mechanisms 
involved to prevent the colonization of pathogenic bacteria in the host was by inhibited pathogenic bacteria in 
dominating the attachment[25]. In the present study also found that the two isolates  (BS 11 and BPi08 ) were 
potentially exhibited as a probitic candidate candidate for marine and brackhiswater fish culture. 
 
 Tabel 4.  Inhibition Zone (mm) of Tested Bacteria at Different concentration 
   
Isolates Bact. Conc Cfu/ml 
Shewanella upenei BS 11 Shewanella algae BPi 08 
Sensitivity Clear Zone 
(mm) 
Sensitivity Clear Zone 
(mm) 
Vibrio fluvialis BPL 10 107 + 11 - - 
 109 + 13 + 13 
Photobacterium ganghwense 
BPL06 
107 + 11 - - 
 109 + 14 + 14 
 
Further study of the performance of the 6 bacterial isolates to the two marine bacterial pathogen was presented in 
the Table 4 and 5. Table 4 demonstrated that Sehwanella upenei BS11were able to inhibit the growth of Vibrio 
fluvialis BPL10 and Photobacterium ganghwense BPL06. Table 5 demonstrated that all 6 isolates had a capability to 
inhibit bacterial pathogen, Vibrio parahaemolyticus and Vibrio alginolyticus.  
 
The sensitivity tests and inhibition zone in table 5, shown a strong inhibition because they able to produced clear 
ring between 9-14 mm. An antibacterial activity that able to produced inhibitation zone between 10-20 mm 
classified as strong category[26]. Thus intestinal bacteria found in milkfish has a strong ability against bacterial 
pathogens. So the association of several bacteria in the intestinal tract of milkfish have the ability to defend itself 
against disease. This results were similar with several other studies that has been published [27,28,29,30]. 
 
Table 5 : Diameter Inhibitation Zone (mm) of Vibrio parahaemolyticus and Vibrio alginolyticus Against 6 
Bacterial Isolates after 48 hours. 
 
Isolates Vibrio parahaemolyticus Vibrio alginolyticus 
Shewanella upenei BS 11 12 10 
Basillus sp BS 01 12 12 
Vibrio fluvialis BPL 10 14 11 
Shewanella sp BPi 03 14 9 
Shewanella algae BPi 08 14 12 
Photobacterium ganghwense BPL 06 11 9 
 
The criteria of bacterial probiotics candidate should has the ability to inhibit pathogenic bacteria and  able to 
compete with pathogenic bacteria in the intestinal tract. Besides that, they also capable to produce antimicrobial to 
inhibit the growth of pathogenic microbes in the digestive tract of fish[31]. Therefore Shewanella algae and 
Shewanella sp, could be developed as a probiotic consortium  formation. This results inline with previous 
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researches[32,33]  that  Shewanella sp could be used as  a probiotics candidate. Similarly,  Bacillus sp BS01 was 
also good candidate for probiotics in fish culture.  The similar result was also reported in grouper[34], in the black 
tiger shrimp (Penaeus monodon) and white shrimp (Litopenaeus vannamei) [35,36, 37].  Bacillus was also reported 
to able to increase survival rate post larvae of Penaeus monodon, that was challenged with Vibrio harveyi. It may 
due to the probiont provided cellular and humoral immune defence responses [21]. 
 
The most probiotics proposed in aquaculture belongs to the lactic acid bacteria (Lactobacillus and 
Carnobacterium), genusVibrio (V. alginolyticus), Bacillus, or Pseudomonas, although other genera  have also been 
mentioned (Aeromonas and Flavobacterium)[12].  They  further explained that probiotic has different ways of out-
competing pathogens in order to grow. These include (1) production of antagonistic compounds, (2) advantageous 
growth characteristics, i.e. a short lag period and a short doubling time, (3) attachment ability to intestinal mucus 
and (4) production of other compounds beneficial to the host. 
4. Conclusion 
1. The diversity of bacteria associated with milkfish gut collected from Northern Coast of Central Java, 
demonstrated closest similarity to Shewanella upenei, Basillus sp,  Vibrio fluvialis, Shewanella algae, 
Shewanella sp. and Photobacterium ganghwense. 
2. The six selected isolates were also successfully demonstrated antibacterial activity among the gut bacteria and 
against pathogenic bacteria V. alginolyticus and V. parahaemolyticus. 
3. Milkfish gut bacteria namely Shewanella upenei, Basillus sp,  Vibrio fluvialis, Shewanella algae, Shewanella sp. 




On this opportunity, the authors would like to thank to Prof. Dr. Ocky Karna Rajasa, M.Sc., Head of  Integrated 
Laboratory, Diponegoro University; Dr. Ir. Fajar Basuki, MS, head of Aquaculture Laboratory of Fisheries and 
Marine Sciences Faculty; and Ndandung, Fish Quarantine, Quality Control and Safety of Fishery Products Agency, 
Semarang,  who have helped and facilitated the completion of this research.  
 
References  
[1]   Central Java Marine Affairs and Fisheries Office (CJMAFO), (2013). Fisheries Statistics of Central Java. 86pp 
[2]  Kordi, G.M. 2009. Sukses Memproduksi Bandeng Super Untuk Umpan, Ekspor dan Indukan. Penerbit Andi. 
Jakarta. 148 pp. 
[3]   Versalovic, J.,M. Schneider, F.,J. De Bruijn and J.R. Lupski. (1994). Genomic fingerprinting of bacteria using 
repetitive sequence based-Polymerase Chain Reaction. Meth. Cell. Mol. Biol., 5: 25-40. 
[4] Austin.B , and A. M. J. Al-Zahrani. (2006). The effect of antimicrobial compounds on the astrointestinal 
microflora of rainbow trout, Salmo gairdner .Richardson. J Fish Biol.. 33 :1-14  
[5]  Ukurawa, H., K. Kita-Tsukamoto and K. Ohwada. (1997). 16S DNA Genotyping Using PCR/RFLP Restriction 
Fragment Length Polymorphism) analysis Among The Vibrionaceae. FEMS Microbiol. Lett. 152: 125-132 
[6]  Sabdono, A., 2001. Identifikasi dan Analisis Genetik Bakteri Karang Pendegradasi Senyawa Herbisida 2,4-
Diklorofenoksi Asetat di Laut Jawa. Disertasi. Universitas Gadjah Mada. Yogyakarta. 162 hal.  
[7]  Radjasa,O.K., H Urukawa, K Kita-Tsukamoto, and K Ohwada. (2001).Characterization of sychrotrophic 
Bacteria in The Surface and Deep Sea Waters from Nortwestern Pacific Ocean Based on 16S Ribosomal DNA 
Approach. Mar. Biotech.,3:454-452. 
[8]   Radjasa, O.K., T. Martens., H-P. Grossart., T. Brinkhoff., A. Sabdono and M. Simon. (2007a). Antagonistic 
Activity of Marine Bacterium Pseudoalteromonas luteoviolacea TAB4.2 Associated with Coral Acropora sp. 
J. Biol. Sci. 7 (2): 239-246.  
[9]  Radjasa, O.K., D. Nasima, A. SAbdono, K. Kita-Tsukamoto and K. Ohwada, (2007b). Characterization of 
psychotropic bacteria from sea waters of Makassar Strait, Indonesia. J. Biol. Sci., 7:658-662.  
[10] Radjasa, O.K., A.Sabdono, Junaidi and E. Zocchi, (2007c).  Richness of secondary metabolite producing 
marine bacteria associated with sponge Haliclona sp. Int. J. Pharmacol., 3:275-279.  
[11]  Sarjito, O.K. Radjasa, S.B. Prayitno, A. Sabdono dan S. Hutabarat, (2009). Phylogenetic Diversity of the 
383 Slamet Budi Prayitno et al. /  Procedia Environmental Sciences  23 ( 2015 )  375 – 384 
Causative Agent of Vibriosis Associated With Groupers Fish from Karimunjawa Island Indonesia. Curr. Res. 
Bacteriol, 2 : 14-21.  
[12]  Balca´zar, J.L., de Blas, I., Ruiz-Zarzuela, I., Vendrell, D., Muzquiz, J.L., 2004. Probiotics: a tool for the future 
of fish and shellfish health management. J. Aquacult. Trop. 19, 239–242. 
[13]  Brock, T.D. and M.T. Madigan. 1991. Biology of Microorganisms. Prentice Hall, Englewood Cliffs. New 
Jersey. 368 p. 
[14]  Muyzer, G., A. Teske, C.O. Wirsen and H.W. Junnasch, (1995). Phylogenetic Relationship of Thiomicrospira 
species and their identification in deep-sea hydrothermal vent samples by denaturing gradient gel 
electrophoresis of 16S rDNA fragments. Arch. Microbiol., 164:165-172.  
 [15]  Marahiel, M., Stachelhaus, T. and Mootz, H.D. 1997. Modular peptide synthetases involved in non ribosomal  
peptide synthesis. Chem Rev 97: 2651–2673.  
 [16] Sarjito. (2010). Aplikasi Biomoleculer untuk Deteksi Agensia Penyebab Vibriosis pada Ikan Kerapu dan 
Potensi Bakteri spons sebagai anti Vibriosis. Disertasi. Program Doktor, Manajemen Sumberdaya Pantai, 
Universitas Diponegoro. 118pp   
[17] Hägstrom, Å, Pommier T., Rohwer F, Stru K, Sholter W, Svensson D, Zweifel U L. (2002). Use of 16S 
Ribosomal RNA for Delineation of Marine Bacterio plankton Spesies. Appl. Einv. Microb. 68 :3628 – 3633. 
[18] Chaiyapechara, S. (2008). Bacteria Associated With The Gastrointestinal Tract Of Rockfish (Sebastes sp.) 
Larvae Reared In Aquaculture Settings. A dissertation submitted in partial fulfillment of the requirements for 
the degree of Doctor of Philosophy. University of Washington.  
 [19] Martin-Antonio. B,  M. Manchado,  C. Infante,  R.  Zerolo,  A. Labella,  C. Alonso,  and J. J. Borrego. 2007. 
Intestinal microbiota variation in Senegalese sole (Solease negalensis) under different feeding regimes. 
Aquaculture Research. Vol. 38: 1213-1222. 
[20] Navarrete. P, R. T. Espejo,  and J. Romero. 2009. Molecular Analysis of Microbiota Along the Digestive Tract 
of Juvenile Atlantic Salmon (Salmo salar L.).  J Micro Ecol. 57 : 550-561. 
[21] Rengpipat E, H.R. Bendiksen, M.S. Wesmajervi, R.E. Olsen, P.A. Jansen and H. Mikkelsen. (2000). Lactic 
Acid Bacteria Associated with The Digestive Tract of Altantic Salmon (Salmo salar L.). J Applied Microb. 89: 
317-322.  
[22]  Haygood, M.G. 1993. Light organ symbioses in fishes. Critical Reviews in Microbiology 19:191-216.  
[23] Denev SA, Suzuki I, and Kimoto H. (2000) .Role of Lactobacilli in Human and Animal Health. Animal Science 
Journal (Jp) 71(6): 549-562. 
[24]  Guarner, F, and Malagelada  J.R. (2003). Gut flora in health and disease. The Lancet, 360(8):512-519. 
[25] Verschuere L, Rombaut G, Sorgeloos P, and Verstraete W. (2000). Probiotic bacteria as biological control 
agents in aquaculture. Microbiology and Molecular Biol Rev., 64: 655-671. 
[26] Davis, W.W and T.R. Stout.  1971. Disc Plate Method Of Microbiological Antibiotic Assay. Applied 
Microbiology.Vol 22 (4): 659-665.  
[27] Gutowska M.A, Drazen J.C, and Robison B.H. 2004.Digestive chitinolytic activity in marine fishes of 
Monterey Bay, California.Comp Biochem and Physiol, Part A 139: 351-358. 
[28] Saha S, Roy RN, Sen KS, and Ray AK. 2006. Characterization of cellulose-producing bacteria from the 
digestive tract of tilapia, Oreochromismossambica (Peters) and grass carp, Ctenopharyngodonidella 
(Valenciennes). Aquacult Res37: 380-388. 
[29] Skrodenyte-Arbaciauskiene V, Sruoga A, Butkauskas D, Skrupskelis K. 2008. Phylogenetic analysis of 
intestinal bacteria of freshwater salmon Salmo salar and sea trout Salmo trutta and diet. Fisheries Sci 74: 
1307-1314. 
[30] Sugita H, Ito Y. 2006. Identification of intestinal bacteria from Japanese flounder (Paralichthy solivaceus) and 
their ability to digest chitin. Letters of Applied Microbiol 43: 336-342. 
[31] Aslamsyah. S. (2006). Utilization of Gastro-intestinal  Microflora Probiotics to Improve Growth and Survival 
Rate of Milkfish (Chanoschanos, Forsskal). [Disertasi].Sekolah Pasca Sarjana, Institut Pertanian Bogor. Bogor. 
255 pp. 
[32] Lee, Y.K. 2000.Quantitative Approach in The Study of Adhesion of Lactic Acid bacteria to Intestinal Cell and 
Their Competition with Entero bacteria. Appl. Environ. Microbiol , 66: 3692 – 3697. 
[33] Shakibazadeh S., SaadCheRoos, Hafezieh M., Christianus A., SalehKamarudin M., SijamKamaruzaman. 2012. 
A putative probiotic isolated from hatchery reared juvenile Penaeusmonodon. Iranian Journal of Fisheries 
Sciences 11(4) 849-866.   
384   Slamet Budi Prayitno et al. /  Procedia Environmental Sciences  23 ( 2015 )  375 – 384 
[34] Nurhidayu, M. Y. Ina-Salwany, H. MohdDaud  and S. A. Harmin. 2012. Isolation, screening and 
characterization of potential probiotics from farmed tiger grouper (Epinephelusfuscoguttatus). African Journal 
of Microbiology Research Vol. 6(9), pp. 1924-1933. 
[35] Guo J.J, Liu K.F, Cheng S.H, Chang C.I, Lay J.J, Hsu Y.O, Yang J.Y, and Chen T.I .2009. Selection of 
probiotic bacteria for use in shrimp larviculture.Aquacult. Res. 40: 609-618. 
[36] Jamilah I T, Meryandini A, Rusmana I, Suwanto A, and Mubarik N.R .2009. Activity of proteolytic and 
amylolytic enzymes from Bacillus spp. isolated from shrimp ponds. Microbiol.Indones. 3(2): 67-71 
[37] Wang Y, and Gu Q. 2010. Effect of probiotics on white shrimp (Penaeusvannamei) growth performance and 
immune response.Mar. Biol. Res. 6(3): 327-332.                                                                                                   
